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C H A P T E R - I 
1 . 1 : INTRODUCTION 
Pollution has been known from the dawn of human civili-
sation. The cave man was perhaps aware that there were 
certain factors that led to harmful effects and could even 
load to death. Hov/ever, he v/as unav/are of the causes and 
hence could not find the cure. Centuries Later though the 
causes could be identified, finding a cure was made even 
more challenging. 
Today environmental pollution is an outcome of the 
direct activities of man. In a quest for 'Civilisation' nan 
has forgotten the benefits of a 'rural' environment. Today 
it will perhaps be correct to say that man first creates 
pollution and then worries about removing it. 
In a quest of improving his standard of living, man has 
'perhaps' forgotten the consequences of going against 
'nature'. It is only now he is realising and hence the 
feeble call "back to nature", is now gaining momentum. 
Similarly many feel they should return to the lives of their 
ancestors - perhaps in the present context impossible but, 
the only ansv;er. Human hapiness is more important than the 
luxuries provided by modern civilisation. 
Millions of tonnes of toxic and objectionable material 
is daily being pumped in the environment as a result of 
industrial effluents being literaly dumped in the atmosphere 
soil and water; and the result of tragic circumstances like 
the one at Bhopal recently, oil slicks due to the gulf v/ar 
and more recently near home v/hen tankers transporting oil 
ran a ground. 
The danger to marine and aquatic life, forests etc. is 
as grave, a danger to man as well as animals, as such 
factors will disturb the ecological balance. 
Acid rain and the green house effect are the latest 
examples that prove that man himself is digging his grave. 
The control of pollution is more important rather than 
identifying it, and control is only possible if the very 
source is identified. Analytical chemists have come a long 
way in this direction. The characterisation and estimation 
of toxic material often at trace level in a very complex 
matrix is a challenging task, which only perhaps the 
analytical chemist can accomplish. Today organic as well as 
inorganic pollutants have perhaps, become more important as 
they are not only toxic but often carcinogenic and affect 
physiological processes, in such a v/ay that there are long 
run consequences, which are usually fatal. Moreover, complex 
mixtures as organics are much more difficult to separate and 
for more difficult to identify. However, recent developments 
in instrumentation had made this possible where HPLC (high 
Performance liquid chromatography) is playing an exclusive 
and notable role as one of the most powerful methods of 
separation. The separations of polycyclic aromatic 
hydrocarbons are an excellent example. Recent methods like 
Atomic absorption, X-ray fluorescence etc. are unique tools 
for inorganic analysis. 
However, the greater need of the day is to develope 
field methods as they have a wider applicability and greater 
flexibility. 
Simple methods like chromatography and ion exchange are 
most amenable to such an approach. Synthetic inroganic ion 
exchangers can be used for separation of heavy metals in 
industrial v^astes. Another way is, to study the selective 
adsorption of the toxic species on the exchanger since 
exchange and adsorption usually go together. 
However, inorganic ion exchangers are not only 
expensive to prepare but are also irreproducible, 
characterized by low capacities and questionable selecti-
vities. Therefore, the use of cheap adsorbents will not 
only cut down costs, but will also increase its application. 
1.2. : ENVIRONMENTAL POLLUTION AND ITS CLASSIFICATION 
Environmental Pollution» Environmental pollution is defined 
as an undesirable changes in the physical, chemical or 
biological characteristics of our air, water and land that 
may or will harmfuly affect human life or that of our 
desirable species, our industrial processes, living 
conditions and cultural assets or that may or will waste or 
deteriorate our raw material resources. [1] 
Pollution also includes the release of substances into 
the environment which harm the quality of air, water and 
soil, substances v/hich upset the biological cycles linking 
man to animals, bacteria and plants, substances which damage 
the health of human beings, animals or plants. Pollutants 
such as noise and unpleasant odours, .v/hich often irritate 
can also sometimes be a danger to health. 
Generally, a pollutant is introduced into the environ-
ment as sewage, v/aste, accidental discharge or as a by 
product. 
The word pollution has boon taken from the latin word 
pollutionen, meaning defilement. Later on oxford English 
Dictionary used the word pollute with reference to physical 
contamination of aquatic environments in nineteenth 
century. In 20th century the v/ord pollution was used with 
reference to contamination of v/ater, soil and air. 
Pollution is also defined as anything causing or 
inducing objectionable conditions in water, soil and air and 
affecting them adversely. 
Environmental pollution is not only linked with the 
industrial grov/th and other human activities, but also with 
the natural sources such as, weathering of minerals, 
errosion of virgin lands and forest including residues of 
natural vegetation. 
Human activities contribute impurities in the form of 
industrial and domestic wastes, agricultural chemicals and 
other less obvious contaminants. 
Our civilization faces a unique crises in the form of 
environmental pollution. If v;e fail to make earnest efforts 
to resolve it. The future of mankind must be written off. 
Classification of the Environmental Pollution 
It is broadly classified into the following catogories. 
1. Water Pollution 
2. Air Pollution 
3. Soil Pollution 
1. Water Pollution: 
Water pollution is the specific impairement of 
water quality by agricultural, domestic or industrial wastes 
(including thermal and atomic wastes) to a degree that has 
an adverse affect upon any beneficial use of water. 
Different kinds of water pollution 
(A) Chemical pollution 
(B) Biological pollution 
(C) Physical pollution 
(A) Chemical Pollution : 
(a) Organic pollution (b) Inorganic pollution 
(a) Organic pollution : This kind of pollution is due to 
the presence of proteins, fats, carbohydrates and other 
organic substances and materials found in sewage and trade 
wastes. 
Some industrial wastes contain poisonous organic 
compounds (such as phenols, tar bases, cyanides and DDT) 
which not only rendering a river unable to undergo self 
purification, due to the killing of bacteria; but also can 
cause mortality amongst fish and other aquatic life even in 
very low concentrations. 
(b) Inorganic pollution : Many industrial wastes contain 
corrosive inorganic acids or alkalies which can damage a 
stream by breaking down its natural buffer system and 
altering its normal pH value. Ammonia, free chlorine, 
hydrogen sulfide and salts of many heavy metals (e.g.. 
Copper, Zinc, Lead, Nickle and Vanadium etc.) are the toxic 
inorganic substances, which are common. Any appreciable 
amounts of these compounds may prevent or inhibit self-
purification of rivers and may prove toxic to fish and other 
aquatic life, v\?hether animal or vegetable. According to 
'FAIR AND V;HIPPLE' the concentration of copper sulfate that 
will kill trout, perch and black bass are 0.14, o.75 and 2.1 
ppm respectively [2]. 
Effluents which contain an excessive content of soluble 
salts may also be objectionable in a stream because they are 
liable to cause corrosion of pumps, pipelines e.g.; 
Sulphates particularly. 
(B) Biological Pollution : 
Biological pollution is often a secondary result of 
pollutioin by sewage. It includes pathogenic bacteria, 
certain fungi, algae, viruses, pathogenic protozoa, 
parasitic worms and any plants or animals which for some 
reason either multiply excessively in a stream or are 
otherwise undesirable, harmful or injurious. 
The most widespread form of biological pollution, 
namely contamination of water courses is by pathogenic 
bacteria derived from sewage [3]. 
(C) Physical Pollution : 
Many industrial wastes, which are discharged to a river 
have a pronounced colour. In most cases the colour is due to 
organic dyes, but there are some highly coloured substances 
of mineral origin e.g. compounds of iron and chromium. 
When tv/o different trade v/astes interact in a stream 
or when a trade effluent and substances present naturally in 
a stream interact, an intense colouration is produced. An 
example of this is the reaction between mine water and the 
natural bicarbonate alkalinity of a river to give an 
unsightly reddish-brov/n opalescence. 
physical characteristic of sewage and of most 
industrial waste v/aters is their turbidity, which is caused 
by the presence of very finely divided surpended matter or 
colloidal matter. 
Moreover, the heated trade effluents from factories and 
mills and the large volumes of warm 'cooling water' from 
electricity generating stations, which are discharged to 
rivers or canals may easily cause a temperature rise or 
several degrees. This can have a number of deleterious 
effects. 
On the other hand, matter in suspension is one of the 
commonest forms of pollution, being present in sewage and in 
the majority of industrial waste waters. Suspended matter 
can be inorganic or 'mineral' in character, predominantly 
organic or volatile. 
2. Air Pollution : 
Since air pollution problem is associated with the 
coming of the industrial revolution, the earliest pollutants 
noted in the atmosphere were probably of natural origin. 
smioke, fumes, ash and gases from volcanoes and forest fires; 
sand and dust from windstorms in arid regions; fog in humid 
low-lying areas; and natural terpene hazes from pine trees 
in mountainous regions were part of our environment long 
before human induced or anthropogenic problems came on the 
scene. 
In addition to the industrial revolution as mentioned 
above, air pollution is also contributed to its vehicular 
population. 
Vehicular pollution in the capital of our country has 
been increasing at an alarming rate and drastic efforts are 
required to control it. 
According to a recent estimate, by some environmental-
ists, 60 per cent of capital's air pollution is contributed 
to its vehicular population. Major pollutants emitted by 
vehicles include; hydrocarbons, sulphur dioxide, carbon 
monoxide, Qxides of nitrogen, suspended particulate matter 
(SPM) and lead [A ]. 
In 1990, the amount of suspended particulate matter in 
the capitals air stood at 780 tonne per day. A year later, 
the figure stood at 1,100 tonne. These measurements were 
recovered by five air monitoring stations located at Siri 
Fort, ITO Shahdara, Shahjahanabad and Janakpuri. 
When in the early 80's the World Health Organisation in 
its study, "Urban Air Pollution 1973-80," declared Delhi to 
be the third most polluted city in the v;orld in terms of SPM 
Levels [5]. 
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Normal Air : 
Oxygen and nitrogen are the major gases of the atmosphere. 
In dry air these constitute about 99% of the mixture by 
volume, i.e. O^ = 20.94% and N2 = 78.09%, Argon(0.93%) and 
Co-,C0.03%) comprise practically all of the remainder of 
normal dry air, these four components totaling 99.99% by 
vol. of the mixture. 
Associated with these gases is water vapour.In contrast 
to the case of other major components, the moisture content 
of air is variable. In the usual range of absolute humidity, 
water vapor is about 1-3% by volume of the total mixture. 
Clearly, the other gaseous constituents are present in lower 
percentages than cited above when normal water vapor is 
present. However, their proportions are essentially 
constant; when the moisture content is known, the percentage 
of the other gases may be calculated readily from this 
constant proportionality. The most abundant minor components 
of normal air are the noble gases: neon, helium, krypton, 
and xenon. According to Kuiper(3) Their concentrations in 
dry air are: neon, 18 ppm; helium, 5.2 ppm; Krypton, 1 ppm; 
Xenon, 0.08 ppm. Both hydrogen and nitrous oxide (N2O) are 
present at about 0.5 ppm. 
The CH. content of the atmosphere which is about 1-2 
ppm results from biologic processes. Methane is a natural 
part of the carbon cycle of the biosphere. Recent observa-
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tions by Altshuller et al (4) suggest that its geophysical 
background level is 1.0-1.2 ppm. 
Ozone and some nitrogen oxides are produced in the 
upper atmosphere by solar irradiation, and small concen-
trations of these gases are transported to the lower 
atmosphere at the earths surface. In addition, small amounts 
of both gases result from lightning, naturally caused forest 
fires and other natural phenomena. The result is that normal 
air contains upto 0. B'2 ppm of N0„ and from 0.01 to 0.04 ppm 
of Ozone [ 6] . 
Table which is given below contains good estimates of the 
concentrations in parts per million of the major and several 
minor gaseous components of the earths normal dry atmosphere 
at the surface level. 
Table - 1.1 
Concentrations of Gases comprising Normal Dry Air 
Gas Concentration(ppm) 
Nitrogen 780, 900 
Ozyyen 209, 400 
Argon 9, 300 
CO2 315 
Neon 18 
Helium 5.2 
Methane 1.0 - 1.2 
Krypton I ' 
Nitrous oxide 0.5 
12 
Hydrogen 0.5 
Xenon 0.08 
Nitrogen oxide 0.02 
Ozone 0.01-0.04 
3. Soil Pollution : 
Land is said to be polluted when the quality of 
soil degenerates due to sewage, industrial waste, degrada-
tion of proteinaceous materials and chemicals used in our 
agricultural practices. 
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Table - 1.2 
Some common Inorganic pollutants 
Pollutants Sources Nature of 
Pollution 
R e m a r k s 
1 . Lead 
2 . Cu,Hg,Ni 
Zn,Cd,Pb. 
3 . Arsenic 
4 . CI2, HOI 
5 . F luo r ide s 
6. Phosphates 
7. Nitrate 
Carbon 
monoxide 
Exhausts of autcfno-
biles, jet engines, 
artificial statelli-
tes. 
Various industrial 
discharges 
Industrial waste 
liquors. 
Industrial dis-
charge . 
Industrial dis-
charge . 
Mainly from sewage 
of detergents 
Sewage 
Inccjnplete conbustion 
of carbon 
Air, Water, 
Soil 
Air, Water 
Soil. 
Water, Soil 
Water, Air 
VJater 
VJater 
Water 
Air 
Lead compounds 
coagulate pro-
teins and seri-
ously disrupt 
metabolic acti-
vities . 
Minamata type 
of disease in 
Japan. 
Arsenic poiso-
ning 
Respiratory ail-
ments . 
Excess of F. 
Leads to black-
ening of enamel 
of teeth. 
Oxidative degra-
dation of organic 
matter v\tiich con-
sumes O2 dissolved 
Algal boom, 
eutrophication 
of lakes hamper 
fishing, irriga-
tion and hydro-
electric power. 
Leads to uncon-
cious (300 ppm ) 
and ultimately 
death (750 ppm) 
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Pollutants Sources Nature of 
Pollution 
R e m a r k s 
9. Co, 
10.SC, 
11.Ni t rogen 
ox ides 
12.Hydrogen 
su lph ide 
13.Chromium 
14.HCiq and 
cyanides 
15.NH and 
aimionium 
compounds 
Conbustion of carbon 
fran various source 
Oil refineries Ther-
mal stations ferti-
lizer and sulphuric 
acid plants 
Combustion processes 
in air exhausts of 
autoTKJbiles, explo-
sive industries. 
Decomposition of 
organic matter 
sewage/ petroleum 
industries,refineries 
Effluents of plating 
and other metal 
processing "factories 
Steel'plants; elec-
troplating 
Fertilizer industri-
es, biodegradation 
of proteinacious 
materials 
Air 
Water, Air 
Air 
VJater,Air 
Water 
Air,Water, 
Soil 
Air, Water, 
Soil 
Excessive Co 
may lead to greer 
house effect. 
Damage nucleic 
acids. 
Chronic respi-
ratory ailments. 
Respiratory 
irritation in 
man corrosion of 
materials.effects 
growing types of 
sensitive plants 
Disrupt meta-
bolic activities 
Stops breathing, 
blood poisoining 
Respiratory 
ailments dis-
rupt metabolic 
activities. 
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T a b l e - 1.3 
Some common O r g a n i c p o l l u t a n t s 
P o l l u t a n t s S o u r c e s N a t u r e of Remarks 
p o l l u t i o n 
1. Carbonates og.; 
I s o l a n , Dimetan, 
Pyramat Pyro lo in 
2 . Organochlorine 
compounds 
eg . DDT, BHC, 
Chlordane 
3. Organophosphorus 
eg. Malathion 
Monocrotophos 
4. Thiocynates 
5. Organosulphurs 
eg. Tetradifon, 
Genite Ovex. 
6. Dinitrophenols 
eg. Dinitrocresol 
t^orocide/ 
Karathane 
7. Organotins 
eg.Plictran 
8." Organics containing 
tertiary nitrogen 
Acridine 
Amitrol 
Atrazine 
Azobenzene 
Bavistin 
Calixin 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Pesticides 
Air, Water, 
Soil 
Air, Vteter 
Soil 
Air, Water 
Soil 
Air, VJater 
Soil 
Air, Water 
Soil 
Inhibitor of Choli 
nesterase. 
Deposition in fat 
tissues suspected 
carcinogens.. 
Carcinogen 
Interferes with 
cellular respira-
tion and meta-
bolism. 
Corparatively less 
toxic and affects 
II If 
tl II 
mites more 
Causes rapid loss 
in weight 
Inhibition of oxida-
tive phosphorylation. 
Carcinogen 
II II 
II II 
II II 
Liver injury 
Carcinogen 
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1.3 : HEAVY METAL POLLUTION & SOURCES 
Heavy metals are usually present in trace amounts in natural 
waters, but many of them are toxic even at very low concen-
trations. Due to addition of industrial wastes and sewage, 
the concentration of heavy metals increase in water. 
Enhanced levels of heavy metals in the aquatic environ-
ment . cause concern because of 
(i) Possibility of accumulation of these metals in the 
human body and building up with time to toxic levels, 
(ii) Bio concentration/accumulation and magnefication by 
aquatic organisms. 
(iii)Possible intake through drinking water and aquatic 
food. 
(iv) Carcinogenic and teratogenic possibilities of some of 
the heavy metals and their compounds. 
(v) Chronic and sub-lethal effects to organisms at low 
concentrations. 
(vi) Phyto-toxicity of heavy metals. 
(vii)High sensitivity of children for some of the heavy 
metals. 
(viii)Synergestic effect of heavy metals to organisms, 
(ix) Persistance in the environment with possibilities for 
environmental transformation in to more toxic compounds. 
It is a matter of grave concern that an increasing 
quantity of heavy metals are being discharged in our 
17 
resources/ especially since a large number of industries 
discharge their metal containing effluents to freshwaters 
without adequate treatment. 
The information on metal toxicity to human be-ings is 
derived mostly from health surveys among workers engaged in 
mining and processing of these metals. Environmental degra-
dation is mostly due to the Cd, Pb, Hg and Cr, which have 
been the source of major concern. 
Cd accumulates in various parts of the body (liver, 
pancreas, kidney etc.) and causes the painful bone disease 
called itai, itai. It is present in the wastewater from 
electroplating, chemical industries and milling and mining 
wastes. 
There are certain reports about chromium, which accumu-
lates at higher concentrations irrespective of their 
valency, but the toxicity is more at hexavalent chromium. It 
causes cancer,in respiratory tract, when inhaled in large 
quantities occupationally. However, there is no evidence of 
cancer; when taking chromium in diet and from ambient water. 
(National Academy of sciences, 1974). It occurs in higher 
concentrations in the wastes from electroplating, paints, 
dyes, chrome tanning, explosives, ceramics and paper 
industries etc. 
Lead is a toxic element and it accumulates in the body, 
mainly in the bones. It is also found in brain. Kidney and 
muscles. Lead poisoning is not due to occasional exposure to 
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small doses but due to permanent cumulative effects. 
However, in extreme case of lead poisoning death may result. 
It increases in water due to the discharge of industrial 
wastes waters such as from printing, dyeing and oil 
refineries etc. 
Mercury is a highly poisonous substance. It accumulates 
mainly in the form of methyl mercury. It affects the central 
nervous system and may be fatal at higher doses. It 
increases in natural waters by the industrial wastes. [8]. 
SOURCES 
Sources of pollution can be divided basically into two 
groups^ natural and cultural (those caused by man). The 
sources can be further classified as either point or diffuse 
(nonpoint) sources of pollution. Point sources include 
effluents from industrial and sewage treatment plants and 
effluents from farm buildings or solid waste disposal sites 
etc. Pollution from diffuse (nonpoint) sources can be 
related to weathering of minerals, erosion of virgin lands 
and forest including residues of natural vegetation or 
artificial or semi artificial sources. The cultural source 
can be related directly to human activities such as 
fertilizer application or use of agricultural chemicals 
controlling v\?eeds or insects., erosion of soil materials from 
agricultural farming areas and animal feedlots, construction 
sites, transportation, cumulation of dust and litter on 
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impervious urban surfaces, strip mining and others. 
However, the principle sources of many heavy metals 
leading to heavy metal enrichment of the aquatic environment 
are as under: 
The potential sources of Cd in waste waters are 
metallurgical alloying processes, ceramics and inorganic 
pigment mixture, textile printing chemical and electropla-
ting industries and mine drainage [8,.9 ]. 
Copper bearing mining wastes and acid mine drainage 
contribute significant quantities of dissolved copper to 
waste streams. Additional pote-ntial sources of copper 
bearing waste include pul.p, paper and paper board mills, 
wood preserving fertilizer, manufacturing, petroleum 
refining, paints and pigments, basic steel works, nonferous 
metal works and motor vehicle and air craft plating and 
finishing industries. In addition to this the main sources 
of copper in industrial waste are through metal cleaning and 
plating baths, and rinses as; brass and copper. Copper 
concentration in the plating bath depends upon the bath type 
and may range from 0.02 - 1.0% of the process bath concen-
tration [10,11]. 
Lead increases in water due to the discharge of indus-
trial waste waters such as from printing, dying and oil 
refineries etc. 
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Mercury also increases in natural waters by the indus-
trial wastes. It is used in preparation of chlorine, caustic 
soda, batteries, pesticides^pharmaceutical, cosmetics and in 
chemical industries, which later on contribute the mercury 
pollution. For example; the electrolytic production of 
chlorine and NaoH from brine solutions using mercury 
electrodes has led to considerable mercury pollution, as a 
result of mercury losses, which have entered the aquatic 
system. 
Chromium occurs in aquous system as both the trivalent, 
Cr(III) and hexavalent, Cr(VI) ion. The trivalent chromium 
in industrial wastes, comes from the reduction of hexavalent 
chromium during the processes. The industries which use 
trivalent chromium directly in manufacturing processes 
include glass, ceramics, photographic materials, inorganic 
pigments, textile dyeing and animal glue manufacturing 
industries. Hexavalent chromium present in industrial wastes 
2-' 
IS primarily in the form of chromate and dichromate (Cr20^ ), 
Different salts of chromium are employed in the manufacture 
of inks, industrial dyes and paints, in chrome tanning, 
aluminium anodizing and other metal cleaning processes, 
plating and electroplating operations. The major source of 
waste chromium is the chromic acid bath and rinse water used 
in metal plating operations. Arsenic is present in the waste 
waters of many industries such as ceramics, tanneries, 
chemicals metal preparation and pesticides. 
21 
Table - 1.4 
Metals in industrial waste waters 
Average concentration in u g/1 
Industry 
Meat Processing 
Fat rendering 
Fish processing 
Bakery 
Miscellaneous 
foods 
Brewery 
Soft drinks 
and flavourings 
Ice cream 
Textile dyeing 
Fur dressing and 
dyeing 
Miscellaneous 
Chemicals 
Laundry 
Car wash 
Cu 
150 
220 
240 
150 
350 
410 
2040 
2700 
37 
7040 
160 
1700 
180 
Cr 
150 
210 
230 
330 
150 
60 
180 
50 
820 
20140 
280 
1220 
140 
Ni 
70 
280 
140 
430 
110 
40 
220 
110 
250 
740 
100 
100 
190 
Zn 
460 
3890 
1590 
280 
1100 
470 
2990 
780 
500 
1730 
800 
1750 
920 
Cd 
11 
6 
14 
2 
6 
5 
3 
31 
30 
115 
27 
134 
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C H A P T E R - II 
SURVEY OF LITERATURE 
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C H A P T E R - I I 
SURVEY OF LITERATURE 
Rivera et als. (1987) studied the removal of Co from 
acjuous solution by activated carbons from almond shells. The 
adsorption of Co from aquous solution on these activated 
carbons increases with increasing activation time. Since the 
chemical nature and texture of these carbons was examined 
also. Surface basicity and porosity increases with 
increasing activation time. However, a great enhancement of 
Co uptake is found when these carbons are treated with 
coned. HNO, [12]. 
Lopez et als. (1988) studied the sorptionof Cu(ll) from 
aquous solution and artificial marine brine on several 
zeolites (13x, lOx, lOA, 5A, Z-12, Z-20) by suspension and 
column techniques and the results of desorption. The effects 
of temperature, NaCl & MgCl2 were also studied to evaluate 
the usefulness of material (Zeolite) in waste water 
treatment [13] 
Corapcioglue, et als. (1987) studied the adsorption 
characteristics of some heavy metals, namely Cu(II), Pb(II), 
Ni(Il) & Zn(II) on to the hydrous activated carbon 
surface. C type, pH and surface loading are the most 
important factors affecting the extent of metal removal. The 
adsorption reaction is best described by a surface complex 
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formation model. The free metal ions and their hydroxo 
species all participate in the adsorption reaction. Specific 
chemical bonding, probably H bondiny provided the sole 
energy needed for the adsorption reaction [14]. 
The mechanism of adsorption of Zn, Cd and Ca by^-Mn02 
studied at pH-4, 6 & 8 by Zoraski et als. (1988). The data 
fitted to Langmuir and Freundlich expressions suggested that 
there were > 2 mechanisms or sites of sorption for both Zn 
and Ca. The higher energy site (s) shov/ed preference for Cd 
over Zn, whereas reverse was true for the lower energy site 
(s). It is observed that the high energy binding is an 
exchange sorption on the negative charged oxide sites by 
displacement of surface and diffuse layer cations and 
protons which binds Cd more strongly than Zn. On a relative 
basis at pH-6 & 8, Zn is more strongly bound than Cd. 
Competition among Cd, Zn and Ca was observed at pH 4,6 and 8 
suggesting that solution bulk precipitation was not 
controlling solution metal concentrations [15], 
The mechanism of adsorptin of Cr on Z. ramigera has 
been studied by sag, Y. ; Kutsal, T. (1989). The adsorption 
isotherms for the adsorption of Cr on Zoogloea ramigera are 
developed. The biomass of Z. ramigera at pH-2.0, where the 
optimum pH for biosorption lies, exhibited the highest Cr 
adsorption uptake capacity. In general, higher adsorptive 
o o o 
uptake v/as observed at 25 than 35 and 45 [16] 
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Wagner et als. carried out the adsorption of lead and 
zinc by clay rocks (1988). It was determined that the 
sorption capacity of different clay rocks of the Molasse 
Basin and the Rhine Graben (West Germany) for Pb and Zn gave 
adsorption isotherms which reflected 2 difft. sorption 
mechanisms; the sorption capacity was generally higher for 
Pb than for Zn. The effective diffusion coefficients were 
determined by column tests with and without a hydraulic 
gradient. During percolation tests cracks appeared on the 
surface of clayey marls because of the formation of the 
heavy metal carbonates. Field observation showed a 
relatively rapid immobilization of Zn in a marl-beneath a 
galvanic sludge dump/ whereas Pb shows a longer migration 
path [17]. 
The accumulation of Cu, Mn and Zn ions in the egg of 
medaka of oryzias latipes was studied by Nakagawa et als. 
2+ 2+ 2 + (1989). The accumulation phenomena of Cu , Mn , Zn and 
2 + 
cd by the egg of medaka 0, latipes were represented as 
langmuirs adsorption isotherm. The amounts of these heavy 
metals accumulated by the eggs reached stable levels/ 
depending on the exposure concentrations within 24 to 48 
hrs. The contents of equilibrium for each heavy metal in the 
eggs were represents as function of their ambient concentra-
tions The defined equation of this relatinship corresponds 
2 + to the Langmuir adsorption isotherm. Cd had the strongest 
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2+ 2 + binding affinity to the eggs followed by Zn , Cu and 
2 + Mn . The maximum amounts of heavy metals accumulated by the 
eggs ranged from 5.0 to 8.2 mole/eggs. The accumulated heavy 
metals were mostly bound to the egg membrane, while a lesser 
amount contained in the interior parts of the egg. Thus," 
accumulation of these heavy metals by the eggs could be 
explained as the sorption phenomenon characteristic to the 
simultaneous occurence of the adsorption to the egg surface 
and the adsorption in to the interior parts of eggs [18], 
Holpuch et als. (1989) reported the removal and 
recovery of palladium from waste water printed circuit 
electroplating. Pd and partly Ni was removed from waste 
water of elec. circuit electroplating plants by adsorption 
on casein in a lab. scale. Adsprotion of Pd could be 
obtained from both acid and alk. electrolytes and even in 
presence of certain complexing agents. A considerable 
advantage of the process is the separation of Pd. from Ni 
directly within the adsorption column [19]. 
The mechanism of adsorption of copper, molybenum and 
selenium on cellulose was studied by Kubiak, Aleksander et 
als. (1988). The adsorption isotherms of Cu, Mo, and Se on 
cellulose adsorbent were determined in pH-2.09 
buffer solutions at 310 K. the description of adsorption 
processes conforms to the Freundlich equation. In the 
experimental sorption conditions only typical processes for 
physical adsorption were noticed [20]. 
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The adsorption behaviour of cobalt-60 on sandy soil was 
studied by Takcbe, Shinichi et als. (1988). Several factors 
influenced the adsorption behaviour of Co on sandy soil 
in an aq. solution soil system. Adsorption did not depend on 
the Co concentration of the solution in the range 10 
— 10 — 9 ~2 
10 M but in the range 10 - 10 M, adsorption confirmed 
to the Freundlich adsorption isotherm. The distribution 
coefficient (DC) was maximum at a solution pH of 5-8. In the 
acidic region the DC was larger under aerobic than anaerobic 
conditions, but the order was reversed in the alk. region. 
The influence of Coexistent ions of the DC was evident in 
-4 the ion concentration range > 10 M [21]. 
Szymura, et als. (1990) studied the adsoirption of Cd by 
sewage "sludge treated soil after different wetting and 
drying cycles. Cd adsorption by sewage sludge amended soil 
was compared with adsorption by the untreated soil (Ap 
horizon of a clay loam) after 1 and 5 wetting and drying 
cycles. Addition of organic matter enhanced the Cd 
adsorptive capacity of the soil; the greater Cd retention 
was attributed to complex formation. Wetting and drying 
cycls decreased Cd adsorption by soil as reflected by the 
langmuir parameters, probably because of the increase in 
surface acidity [22], 
2 + The mechanism, of Zn adsorption by c<-aluminum 
hydroxide from aquous electrolyte solution was studied by 
2 + Mustafa et als. (1990). The adsorption of Zn ions from 
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aq. solution of O.lM KCl on aluminium hydroxide was studied 
as a function of concentration on a neutral surface hydroxyl 
o 
groups at 20-50 . The adsorption data is described by the 
linear form of the langmuir equation. The maximum adsorption 
per unit mass of the •<-aluminium hydroxide increase with the 
increase in temperature. On the average, one H ion is 
2 + 
release per Zn ion adsorbed. The values of the thermodn. 
o o o 
parameters (<^  G , A S &AH ) of the interfacial reaction are 
also reported. The differential isosteric heat of adsorption 
2 + /i H of An adsorption onc5<,-'aluminum hydroxides is computed 
o 
between 20 & 50 . The value of/^H increases linearly with 
the increase in the extent of adsorption [23]. 
The adsorption of Cu from copper sulfate solution on 
carbon black "Spheron 9" was carried out by Khan, M. Arsala 
et als. (1990). The adsorption studies of Cu from CuSO. 
solution by carbon black (supheron 9) were made under 
varying conditions of time and solution concentration. 
Adsorption equilibrium was established within 2h in the case 
of lOu g/ml Cu solutions. In the case of Cu solutions of 
higher concentrations, however equilibrium was attained 
after longer times due to high repulsive forces between Cu 
ions adsorbed in large amounts from concentred salt 
solutions [24]. 
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Srivastava et als. (1990) studied the adsorption, 
desorption behaviour of Zn(II) at iron(III) hydroxide from 
aquous solution. Batch studies were carried out to 
investigate the adsorption of Zn(II) from fresh waters on 
Fe(OH)^ surface maintained at the pH of 0 point of charge of 
hydroxide (ZPC, 6.85) and also on both the acidic (5.5) and 
alk. (8.2) sides of pH. of ZPC at 15 and 35 . Zn(ll) 
adsorption on Fe(OH)-. increased with an increase in pH. The 
o 
rise in temperature from 15 to 35 increased Zn(II) 
adsorption at pH 5.5 and 6.85, but decreased it at alk. pH 
(8.2). In none of the cases did adsorption attain a maximum 
adsorption. The results indicate the presence of 
heterogenous sites of varying affinity. On the adsorbent 
Zn(II) adsorption followed Langmuir behaviour only at small 
adsorption densities and at higher adsorption densities, the 
availibility of strongest binding sites decreased- Non 
specifically adsorbed Zn(II) decreased with the increase in 
pH and temperature. Sequential desorption experiments also 
revealed that desorption of adsorbed Zn(II) decreased with 
an increase in pH [25], 
Elkhatib et als. (1991) studied the sorption of lead 
by calcarious soils. The sorption of lead by 3 soils 
differed in texture and calcium carbonate content at 3 
different temperature. Lead sorption was found to conform to 
both Freundlich and Langmuir isotherms. Soil adsorption 
maximum v/ere derived from the reciprocal of the slope 
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obtained by a least squares fit of Langmuir plots for each 
soil. The highest adsorption capacity was exhibited by 
CaCO, rich soil. Raising the temperature from 298K to 308 
and 318K increased the sorption capacity of all of the soils 
[26]. 
Low, K.S.; Lee, C.K. (1991) studied the adsorption of 
Cd by cocoa - growing soils. The effect of soil organic 
matter on Cd adsorption in four Malaysian cocoa soils 
investigated Langmuir isotherms for the metal show that for 
Rangam, Bernam, and Salangor series soils, sorption 
capacities increase with the destruction of organic matter. 
But the reverse is obtained for Malacca series soils. The 
difference could be due to the different chelating effective 
ness of soil organic matter to Cd [27]. 
Viraraghavan et als.; (1990) suggested the removal of 
certain priority pollutants from waste waters by inexpensive 
adsorbents. Peat (an inexpensive) was effective in removing 
95% of Cd and 53% cr from waste water at 21% and at pH-4-5 
in an equil. time of 2 hours. The adsorption of Cd on peat 
V7as exothermic and of Cr endothermic. The method was found 
to be more economical and adventageous [28]. 
Deepak et als. (1991) reported the removal of Cr from 
waste water. Reduction, precipitation and adsorption 
processes were studied for the removal of Cr from waste 
water. Efficient removal of Cr was achieved by these 
methods [29] . 
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Saito et als. (1991) examined the adsorption of heavy 
metal ions by phosphorylated wood. Adsorption of heavy metal 
ions by the phosphorylated wood were 50 times more, 
respectively, than those of untreated wood powders [30]. 
Periasamy, et als. (1991) studied removal of Cr(VI) by 
activated groundnut husk carbon. The removal of Cr(VI) at 
optimum pH-2.0 at a Cr(VI)/C ratio of >0.00416, was 80% [31]. 
Kannan et als. (1992) reported the removal and recovery 
of chromium by adsorption from chrome liquor (Tannery 
effluent). The adsorbents used were activated charcoal, fly 
ash and waste lignite coal. Efficient removal of Cr from 
chrome liquor was achieved by activated charcoal, which was 
proved to be the best one [32]. 
Fitter, Pavel (1991) reported the elimination of metals 
by precipitation and adsorption. A review, v/ith 13 refr., on 
metal removal from water and waste water by pptn. and 
adsorption covers chemical pptn., hydrox pptn., carbonate 
pptn., adsorption and removal of metals from dil. aquous 
solutions by activated carbon [33]. 
Kaur, et als (1991) suggested the removal of Cu and Pb 
from waste water by adsorption on bottom ash. The removal of 
individual metals such as Cu 99.8% and Pb 92.3% was 
achieved. The method is convenient and efficient to 
preconc. These metals form a large aquous phase and can be 
31 
used to recover these metals from effluents of 
electroplating industries [34], 
Porous polymeric beads containing immobilized nonliving 
biol. materials were developed for extracting metal 
contaminants from waste waters (Jeffers, et als 1991). 
Immobilized biol. materials include peat moss algae, biol, 
polymers,and other materials that demonstrate high 
affinities for heavy metals. Metals such as Cu, Cd, Zn, Pb 
and Hg were effectively removed from mine waste water. The 
beads produced treated effluents which met National Drinking 
water stds. after 175 loading elution cycles. Adsorbed 
metals were removed from the beads using dil. mineral acid. 
[35]. 
The adsorption equil. of aq. mercuric chloride solution 
on activated charcoal was studied by wang et als. (1991). 
The equil. of HUCl in liq. and solid phases were calcn. by 
using the langmuir equation. The results indicated that only 
a small amount of charcoal is needed to remove HgCl from 
water [36]. 
Minamisav/a, et als. (1991) reported adsorption 
characteristics of Pb(II) on chemically treated natural 
Zeolite. The adsorption isotherms can be fitted by the 
Freundlich equation on both treated and untreated Zeolites. 
The adsorption properties for Pb(II) were studied by using 
untreated, heat treated and chemical treated Zeolites. The 
Pb(II) is effectively adsorbed on the natural Zeolite at 
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pH-2.0 to 8.0. The uptake for Pb(II) substantially 
increased on the Zeolite hydrothermally treated with NaOH, 
in comparison with the orginal or other treated specimens. 
Its max. uptake for Pb(II) was 5 times as much as the 
original zeolite. The hydrothermally treated Zeolite with 
NaOH seems to be promising for removal of Pb(II) from waste 
water [37]. 
Zhao et als. (1991) studied the adsorption of Cd, Pb 
and strontium (sr) by commercial tea in water. In the 
presence of ascorbic acid, citric acid or oxalic acid, the 
2+ 2 + 
adsorption %age of Cd and Pb in tea water were 
de termined. In 11 Sep. expts. (^pH-4.3, the tea was dried at 
° 2+ 2 + 
60 ), the percentage of adsorption for Pb are 86.9%, Cd 
41.3%. In 7 Sep. expts. (The tea is not dried), the 
2+ 2 + percentage of adsorption for Pb , Cd are 96.4% and 63.2% 
respectively [38]. 
Singh et als. (1992) reported the removal of toxic 
metal ions from wastewater by coal-based adsorbent. The 
2+ 
impregnated coal exhibited high selectivity for Pb and 
Hg ; from aq. sol., the order of selectivity is Pb >Hg > 
2+ 2+ 2+ 2+ 
Ni >Cu >Zn >Cd . pH range and contact time for maximum 
adsorption are 4.5 - 6.0 and 2h respectively [39]. 
Sharma, et als.(1992) suggested the method for the 
removal of Cd from waste water by adsorption with china clay 
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86.6% removal of Cd was achieved at pH-9.5. The process was 
o 
exothermic with a maximum removal at 30 [40], 
Leismann et al. (1992) reported the removal of heavy 
metals from electroplating waste waters with the DIAKAT 
3 
process. Effluents from electroplating industry (5m /h) 
cleaned by pptn.and subsequent sand filtration, exceeded the 
desired limits of 0.5 mg/L for dissolved Cu. A pilot plant 
(25oL/h throughout) catg. the DIAKAT granulate (a foamed 
clay with metallic Fe and lime, 13% capacity for heavy 
metals) reduced the Cu concn. to max. 20u g/L (90%) in 
water collected before sand filtration [41]. 
Ali et als. (1992) studied the effect of pH on 
adsorption process of rice straw (oryza sativa) for waste 
water treatment. The adsorption process of Cr on straw was 
pH dependent. 100% removal of Cr was achieved at pH 1-3 
and 60 to 70% at pH 4-12. This process is also time 
dependent [42 ] . 
Thies et als (1992) reported the removal of Pb from 
drinking water by a new granular iron oxide. A granular 
adsorbent consisting of iron oxide particles cemented by a 
2+ 
binding material was studied for its ability to remove Pb 
from water using both column and batch experimental method. 
Results showed the optimum pH for removal to be between 5 
and 7. Both batch and column studies yeilded similar values 
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for the binding const., ^ -^5, but column studies indicated a 
significantly larger capacity with a value of 4.3 mg Pb/g of 
adsorbent. Regeneration of the sorbent can be achieved by 
flushing with an acid solution (pH-3) [43]. 
Determination of Cu in industrial effluents and 
receiving water and its removal by adsorption on saw dust 
(Begum, Shakila - 1992). Cu was estimated in the Kabul 
River water in the vicinity of an industrial area. The 
concn. of Cu was below the std. toxic limit. Saw dust was 
used as adsorbent for removal of Cu from aquous medium. The 
adsorption datta fitted the linear form of the "langmuir 
adsorption equation. The max. adsorption capacity of the 
o 
adsorbent increased with temperature between 30-50 [44]. 
Jallan et als. (1992) suggested blast furnace gas 
cleaning sludge as adsorbent for the removal of some toxic 
ions. The blast furnace gas cleaning sludge is in a 
micronised state with a high content of C particles. The 
2+ 2+ 
sludge was a good adsorbent for the removal of Pb , Ni ' 
Cd^ "*", Cu^ "^  and OV~ but not Zn^ "^  [45]. 
Donati et als (1992) studied the adsorption capacity 
of the system claycarbon for water treatment. A granular 
adsorbent consisting of burned clay as a carrier and soot (C 
black), was used in aquous solutions as an adsorbent of 
.2+ 2+ 2-
Ni ., Pb , No^, HPO^ and pesticides. The tested material 
showed an adsorption capacity comparable to activated carbon 
[46]. 
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The mechanism of adsorption of chromium-51(VI) on 
manganese dioxide from aquous solution was studied by 
Bhutani, et als. (1992). The sorption of Cr(VI by Mn02 was 
studied as a function of pH and ionic concentration in the 
presence of certain added cations and anions.The influence of 
certain interfering ions was shown on the sorption of Cr 
under optimum expt. conditions. The experimental 
observations shows that the activity sorbed under specified 
conditions can be recovered appreciably by leaching the pre-
adsorbed carrier [47]. 
The kinetics of Cr(VI) removal from waste water by 
activated coconut shell carbons were studied by Rao, et als 
(1992 .The activated carbons were prepared by phys. and chem. 
activation using H^SO., H^PO., ZnCl^ activating agents of 
different impregnation ratios (IR') . The effect of adsorption 
of Cr(VI) on pH, particle size cone./ contact time were 
studied. Removal of Cr(VI) reaches on equilibrium in max. 70 
minutes and slightly decreases with increasing IR. 
Adsorption obeys 1st order rate equation and webber and 
Morris equation for pore diffusion. Adsorption increases 
with a decrease in pH, with a max. at pH -1. Increase in IR 
ratio also increases surface area of coconut shell carbons 
[48]. 
Ahmad at als. (1992) reported the adsorption behaviour 
of Co on an LM from lateritic minerals, from aquous 
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solution by describing the effect of equlibration, time, 
temperature, shaking time, H ions, adsorbent quantity, 
adsorbate concn., leaching and irradn. exposure. The data 
suggest an effective use of LM for isolation, of Co from 
the effluent of reactor/radiochem labs, and subsequent long 
time storage in reduced solid form [49]. 
O'Dwyer et als. (1992) reported the removal of Cr from 
tannery effluents by adsorbents. 
A range of solid materials were tested as adsorbents 
for the removal of Cr from effluent streams, in particular 
from tannery effluent. The adsorbents tested include the Na 
form of zeolites 3A, 5A and 13X, the hydrogen form of 
Amberlite IRI20 ion exchange resin and activated C. 
Adsorption isotherms with trivalent ^-r adsorbate concns. of 
0-8000 ppm. indicated that Zeolite 13X and Amberlite IRI 20 
offered the highest adsorption capacities. However, when 
treated at acidic pH' s such as normally prevail in tannery 
effluent (3,5) the zeolites appeared to dealuminate. 
Completely dcaluminatod zeolites showed no Cr adsorption 
capacity. Cr adsorption on to Amberlite IR120 was evaluated 
in terms of pH stability of the resin, Cr contact time and 
the selectivity of the resin towards Cr in the presence of 
competing cations such as Na. The resin was stable at pH, 
1-11 and contact time of 20 min. gave max. adsorption. High 
concentrations of Na seriously diminishes the Amberlite 
capacity for Cr adsorption [50]. 
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C H A P T E R - I I I 
ADSORPTION STUDIES AND THE REMOVAL OF HEAVY METALS FROM 
AQUEOUS SOLUTION USING PYROLUSITE AS ADSORBENT 
3.1 : INTRODUCTION 
Worldwide concern over discharging industrial waste-
waters to water bodies has led to strict discharge limits of 
heavy metals in industrial effluents. Effective waste treat-
ment processes are needed to meet the stringent effluent 
guidelines. Various traditional (precipitation) and advanced 
technologies have been developed for the removal and 
recovery of heavy metals from wastewaters. However, the 
precipitation process using conventional precipitants 
(hydroxides, carbonates, sulphides etc.) cannol always give 
satisfactory removal particularly with complexed metals 
whereas some advanced techniques like adsorption for the 
removal and recovery of heavy metals recently has received a 
great attention (Griffin et al., [213]., Huang and Wu., 
[214]., Yoshida et al., [215]., Gadde and Laitinen, [216]., 
Kinniburg et al., [217]., Benjamin and Leckie [218]., 
Millward and Moore, [219]., Aoki and Munemori, [220]., 
Slavek and Pickering, [221]., De and Sen, [222]. Different 
adsorbents have been used in the past for the treatment of 
heavy metals in waste water. 
The use of activated charcoal poses an economic problem 
for developing countries like India. The huge deposit of 
flyash around thermal power plant poses problem it's 
disposal. Alendum, an uncoventional adsorbent is a clay 
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mineral, which is abundantly available. It is mostly used as 
the packing material in high temperature furnaces. 
The adsorption of metal ions on hydrous oxides has also 
been studied extensively (Kolthoff and Moskovitz, L[ 22'3 ] 
Kothoff and Overhosler [224 3., Kurbatov et al, [225]). The 
adsorption of heavy metals on hydrous oxides depends upon 
the oxidation potential, pH and complex forming ability and 
they play an important role in the transport of heavy metals 
in the aquatic environment (Fredlee, 1973' • Hydrous oxides 
of Fe(III) and Mn (II) are found to be very useful in 
controlling the concentration of heavy metals in sea water 
(Krauskopf,[ 22GJ. ;. The adsorption of the metal ions on 
hydrous Mn(II) and Fe(III) has been studied (Gadde and 
Laitinen, [ 227 ]' . 
The dissolution of Mn(II) hydroxide under anaerobic 
conditions and precipitation under aerobic conditions plays 
an important role in the transportation of heavy metal ions 
from aerobic region to anaerobic region in an aquatic 
environment (Goldschmidt, ['228]. 
This phenomenon has encouraged us to study the 
adsorption of heavy metals on naturally occuring pyrolusite. 
The natural ere of manganese (Pyrolusite) has been chosen 
because of its ease of availability and its direct use as an 
adsorbent without any pretreatment 
2+ 
However, the removal of heavy metals such as Pb , 
2+ 2 + Zn and Cd on naturally occuring Pyrolusite have been 
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studied. The chemical stability of the Pyrolusite has been 
determined in NaoH, H2SO , HNO^ Hcl, NaCl, and NH.Cl 
solutions of various concentrations. Adsorption of heavy 
metal ions in aquous solution on the Pyrolusite followed the 
2+ 2+ 2+ 
order Pb >Zn >Cd . 
2+ The maximum adsorption of Pb (100%) occured at pH-7. 
2+ The relation between the amount of Pb adsorbed per unit 
2+ 
weight of Pyrolusite and the concentration of Pb at 
equilibrium confirms the Freundlich adsorption isotherm. 
The proposed studies may provide more economical method 
2+ for the removal of Pb from industrial wastes. 
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3.2 : EXPERIMENTAL 
Adsorbate 
A stock solution of lead nitrate (O.OIM) was prepared by 
dissolving lead nitrate in doubly distilled water and 
standardized complexon:etrically with EDTA (disodium salt) 
using PAN indicator. 
Adsorbent used 
Pyrolusite sample was collected from District Kalahandi, 
Orissa was thankfully supplied by Deptt. of Geology, A.M.U., 
Aligarh. The Pyrolusite sample was crushed and seived to 
obtain particles of 50-100 mesh size. The material was 
treated with 0.01 M Hcl for 24 hours. It was then washed 
several times with distilled water to remove any excess of 
o 
acid and then dried at 40 C. This material was used 
throughout oUr; studies. 
Reagents 
EDTA from E. Merck, (India), PAN indicator from E.Merck AG 
Darmstadt, were used. All other reagents were of analytical 
grade: 
Apparatus 
A pH meter was used for pH measurement and a spectrophoto-
meter for Mn determination. 
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Procedure 
Adsorption studies were carried out as follows. 1.0 gm of 
the sample v\ras treated with 50 ml of the solution 
containing known quantity of metal ions in a conical flask. 
The bottles were shaken at room temperature. The adsorbent 
was then removed by filtration. The desired pH. of the 
solution was adjusted by adding dilute hydrochloric acid or 
dilute sodium hydroxide solution. The concentration of the 
metal ions were determined before and after adsorption 
complexometrically with EDTA using PAN indicator and acetate 
buffer 3.0 and acetate buffer 4.5. The adsorption was then 
calculated by subtracting the concentration of metal ions at 
equilibrium (mg/1) from the concentration before adsorption. 
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3.3 : RESULTS AND DISCUSSION 
Chemical Stability 
0.5 gm of the Pyrolusite sample was treated with 50 ml of 
the solvent for several weeks and the amount of Mn(II) 
released was determined by standard method (N. Howell Furman 
[229]:.• The amount of Mn (II) released in various solvents has 
been given in Table - .3.1 . These results indicate that 
Pyrolusite is highly stable in appreciable amount of NaCl, 
NH.Cl and NaOH solutions. However/ the material is affected 
by H^SO., HCl and HNO^. This is because of the fact that 
Mn{II) gets leached in the solution at pH < 2 (Gold Schmidt 
[228]., The material can therefore only be used as adsorbent 
in neutral media. 
Adsorption of metal ions 
2+ 2+ 2+ 2 + 
The % adsorption of Pb , Zn , Cd and Mg on 
Pyrolusite at pH 6.5 have been given in Table - 3.2. The 
2+ 2 + 
adsorption of Pb was found to be 100% followed by Zn , 
(45.8%), Cd^ "*" (16.1%) and Mg^ "^  (4.71%). A similar case was 
observed by Gadde and Laitinen on hydrous Manganese oxide 
(HMO) at pH 6-7. 
Pyrolusite : Pb^ "*" > Zn^ "*" > Cd^ "*" > Mg^ "^  
2+ 2+ 2 + 
HMO : Pb > Zn > Cd 
Fig. 1 shows the relation between the % adsorption and 
reduction potential of metal ions. The maximum adsorption of 
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2 + Pb on Pyrolusite as well as on hydrous manganese oxide may 
be attributed due to its high reduction potential (-0.355V) 
2+ in the series studied followed by Zn (reduction potential 
-0.76V) and Cd^ "*" (-0,81V). The Mg^ "*" has lowest reduction 
potential (-2.3V) in this series and so its adsorption is 
also minimum. The local appearence of metallic lead on 
vermland manganese ore in large crystalline masses has also 
been explained (Gold Schmidt). On the basis of reduction 
potential encountered in mineral formation from aqueous 
solution, v^ here hydroxide of manganese acts as an active 
reducing agent. Hem [230] argued that uptake by manganese 
oxide also involves phase transformation among the manganese 
2+ 
oxides and catalysis of redox reactions by the Mn - Mn 
oxide system. It can therefore be predicted that selective 
adsorption of lead on Pyrolusite as well as on hydrous 
2+ 
manganese oxide involves the reduction of Pb 
Effect of pH on adsorption of lead 
The effect of pH on adsorption of lead is shown in Fig. 2. 
It is evident that adsorption increases with the in pH. The 
maximum adsorption occurs at pH 7 and above. An appreciable 
amount of lead is adsorbed (> 70%) at pH 4.5 whereas no 
adsorption occurs at or below pH 2. Morgan and Stumm [;231]:; 
have shov\?n that synthetic manganese oxide has a zero point 
of charge at pH 2.8 in the absence of adsorbed ions other 
than H and OH ions v/hereas the cation exchange capacity 
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increase with the increase in pH as expected from an oxide 
of v;hich the surface charge is controlled by loss or gain of 
proton. 
2+ Effect of Pb concentration on adsorptxon 
Fig. 3 shows that maximum adsorption occurs at the concen-
tration of 22.7 mg/1 (100%) or below this concentration. 
The adsorption, however, decreases as the concentration of 
2 + Pb is increased, reaching to a limiting value (30%) at a 
concentration of 64 mg/1 and above. 
Effect of time on the adsorption of lead 
The effect of contact time on the adsorption of lead is 
shown in Fig. 4. The equilibrium is attained within 30 
minutes and after that no further adsorption takes place. 
Effect of Pyrolusite Dosage 
In fig. 5 the % adsorption of lead with the varying amount 
of Pyrolusite at pH 7 is shown. The adsorption increase with 
the increase in Pyrolusite dosage. The adsorption becomes 
maximum at one gm of Pyrolusite. However, further increase 
in the amount of Pyrolusite does not affect the adsorption 
on lead. 
2 + 
Fig. 6 shows the relation between the amount of Pb 
adsorbed per unit weight of Pyrolusite and the equilibrium 
2 + 
concentration of Pb . The straight line indicates that 
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Freundlich adsorption isotherm is followed by the system. 
X/ra = K. ce-"-/" 
where x = the amount of lead adsorbed (mg/1) 
m = Mass of adsorbent in grams 
2 + 
ce = Concentration of Pb at equilibrium (mg/1). 
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Table - 3.1 
Chemical Stability of Pyrolusite in Different Solvents at Room 
Temperature 
S.No, Solutions Amount of Mn 
released (mg/1 
I . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Distilled Water 
1.0 M NaCl 
0.1 M NH.Cl 4 
1.0 M NH.Cl 4 
0.1 M NaOn 
1.0 M NaOH 
0.01 M H-SO 
0.01 M HNO^ 
0.01 M HCl 
0.1 M HCl 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
12. 37 
27.5 
4 . 12 
19.25 
Table - 3.2 
Adsorption of Different metal ions on Pyrolusite in Aqueous Solution 
(pH - 6.5) 
S.No, Metal ion Amount of metal 
ion before adsorp-
tion (mg/l) 
% adsorption 
1. 
2. 
3. 
4. 
Pb 
Zn 
Cd 
Mg 
2 + 
2 + 
2 + 
2 + 
22. 7 
15.68 
26.9 
6.04 
100 
45.8 
16.1 
4.7 
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3.4 : CONCLUSION 
2+ 2+ 2+ 2+ The studies on the adsorption of Pb , Zn , Cd and My 
ions using naturally occuring Pyrolusite as an adsorbent 
2 + have shown that Pb ions are adsorbed specifically (100% 
adsorption) in neutral media. The selective adsorption of 
2 + Pb occurs because of its high reduction potential. The 
2+ 
relation between the amount of Pb adsorbed per unit weight 
2 + 
of Pyrolusite and the concentration of Pb at equilibrium 
confirms the Freundlich adsorption isotherm. 
The adsorption of heavy metals in aqueous solution 
2+ 2+ 2+ 
which was studied, followed the order Pb > Zn > Cd . In 
addition to this the chemical stability of the Pyrolusite 
has been determined in NaOH, H2SO. HNO^, HCl, NaCl and NH^Cl 
solutions of various concentrations. The results showed 
that, the adsorbent, is stable in NaCl, NH.Cl, and NaOH 
solutions of various concentrations, but less stable in 
H2S0^, HNO^ and HCl as is given in the Table 3.1' 
The use of Pyrolusite as an adsorbent is important 
because it is available in natural state in abundance and 
can be used without any treatment, therefore, can be used as 
scavanger in wastewater treatment and also in retarding the 
2+ . 
migration of Pb ions in subsurface water. 
C H A P T E R -IV 
SUMMARY AND CONCLUSION 
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C H A P T E R - IV 
4.1 : SUMMARY AND CONCLUSION 
This dissertation entitled, "Studies on Treatment and 
Disposal of Industrial Wastes", draws attention to the 
"warning Signals" about envircnmental pollution and emphasise<s 
that to control these signals. 
Since environmental pollution is an outcome of the 
direct activities of man. In a quest for 'Civilisation' man 
has forgotten the benefits of a 'rural' environment. Today 
it will perhaps be correct to say that man first creates 
pollution and then worries about removing it. 
In the quest of improving his standard of living, man 
has 'perhaps' forgotten the consequences of going against 
'nature'. But now he is -realising and hence the feeble call 
"back to nature",is now gaining momentum. Human happiness is 
more important than the luxuries provided by modern 
civilisation. 
Millions of tonnes of toxic and objectionable material 
is daily being pumped in the environment as a result of 
industrial effluenct being literally dumped in the 
atmosphere, soil and water. 
The danger to marine and aquatic life, forests etc is 
as grave a danger to man as well as animals, as such factors 
will disturb the ecological balance. 
';^^^^ 
-^y. 
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The control of pollution is more important rather than 
identifying it, and control is only possible if the very 
source is identified. Analytical chemists have come a long 
way in this direction. The characterisation and estimation 
of toxic material often at trace level in a very complex 
matrix is a challenging task which only perhaps the 
analytical chemist can accomplish. Today organic as well as 
inorganic pollutants have perhaps, become more important, as 
they are not only toxic but often carcinogenic and affect 
physiological process, in such a way that there are long run 
consequences which are usually fatal. 
Effective waste treatment processes are needed to meet 
the challenges, regarding pollution. Various traditional 
(Precipitation) and advanced technologies have been 
developed for the removal and recovery of heavy metals from 
wastewater. Some advanced techniques like adsorption for the 
removal and recovery of heavy metals recently has received a 
great attention. Use of cheap adsorbents will not only cut 
down costs but also will increase its application. 
This dissertation comprises of four chapters. Chapter I 
is the introductory part giving a general idea regarding 
environmental pollution and nature and characteristics of 
industrial effluents and other objectionable material in the 
environment and emphasises its control. It describes the 
environmental pollution and its classification. It also 
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details the heavy metal pollution and its sources. 
In the second chapter a detailed and upto date 
literature on the treatment and disposal of industrial 
wastes, has been reviewed. 
The third chapter deals with the studies on adsorption 
and the removal of heavy metals by Pyrolusite, which was 
used as an adsorbent. 
2+ 2 + The adsorption of heavy metals such as Pb , Zn and 
2 + Cd on naturally occuring "Pyrolusite" has been studxed by 
using batch processes. Adsorption of heavy metal ions in 
aquous solution followed the order Pb > Zn > Cd . 
These adsorption studies were carried out in different 
concentration and at various pH's. Besides the effect of 
time factor was seen also. In addition to it the chemical 
stability of the Pyrolusite has been determined in NaOH, 
H2S0^, HNO^/ HCl, NaCl and NH. CL solutions of various 
concentrations. 
2+ The maximum removal of Pb (100%) has been achieved at 
2 + pH-7. The relation between the amount of Pb adsorbed per 
2+ 
unit weight of Pyrolusite and the concentration of Pb at 
equilibrium confirmed the Freundlich adsorption isotherm. 
These studies will provide more economical method for 
2+ the removal of Pb from industrial wastes. Because the 
natural o:re of manganese (Pyrolusite) is available in 
abundance and can be used directly, without any pretreatment. 
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